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Cyclin Degradation: Don’t Mes(s) 
with Meiosis 
Cyclin degradation is required for exit from mitosis and enables a new 
round of DNA replication in the subsequent S phase. A recent study in 
fission yeast shows that, during exit from meiosis I, the Mes1 protein 
partially inhibits cyclin degradation and thereby allows entry into 
meiosis II without an intervening S phase. 
Jan-Michael Peters 
When cells divide, ploidy is 
normally maintained by 
alternating DNA replication in S 
phase with chromosome 
segregation in mitosis. This 
pattern is enforced by oscillations 
in the activity of cyclin-dependent 
kinases (Cdks), which ensure that 
mitosis normally follows S phase, 
and vice versa. But in biology 
there is hardly any rule without 
exception, and in the case of the 
cell cycle all possible variations 
on the theme have been realized 
during evolution. In 
endoreduplication cycles, 
multiple S phases follow each 
other without intervening mitoses, 
leading to the formation of 
polyploid cells with chromosomes 
that can be composed of more 
than a thousand copies of DNA, 
as in the polytene chromosomes 
of insects [1]. And in meiosis, 
germ cells are formed whose 
ploidy is halved by two 
consecutive rounds of 
chromosome segregation without 
intervening DNA replication [2]. 
How is the cell cycle machinery 
modified to allow these dramatic 
deviations from the normal 
procedure? 
A recent paper by Izawa et al. 
[3] reports that the fission yeast 
protein Mes1 has an essential role 
in allowing meiosis I to be 
followed by meiosis II. In meiosis 
I, homologous chromosomes first 
pair, recombine and then are 
segregated from each other, 
whereas in meiosis II, 
chromosomes are split into their 
two sister chromatids, as in 
mitosis (Figure 1). Meiosis II is 
therefore generally considered to 
be very similar to mitosis. 
Interestingly, however, this is not 
true with respect to Mes1 
function, which is required for 
meiosis II but dispensable for 
mitosis [4]. Izawa et al. [3] 
discovered that this unusual 
situation is related to the fact that 
meiosis II is started from meiosis 
I, without an intervening 
interphase. 
To initiate chromosome 
segregation and exit from 
mitosis, cells have to activate the 
protease separase, which 
cleaves the cohesin proteins that 
hold sister chromatids together, 
and they have to inactivate 
mitotic Cdks. Both events are 
mediated by the anaphase 
promoting complex/cyclosome 
(APC/C), a ubiquitin ligase 
complex that targets the 
separase inhibitor securin and 
Cdk’s activating subunit cyclin 
for destruction by the 
proteasome [5]. APC/C achieves 
this task together with an 
activator protein, called Cdc20 
(or Slp1 in fission yeast) which 
assists APC/C in recognizing its 
substrates. During exit from 
mitosis, APC/CCdc20 completely 
inactivates mitotic Cdks, which is 
an important pre-requisite for the 
assembly of pre-replicative 
complexes on origins of DNA 
replication [6]. This requirement 
ensures that S phase can only be 
initiated once cells have passed 
through mitosis, and is thus part 
of the sophisticated control 
machinery that has evolved to 
make alternations between M 
and S phases obligatory in 
normal cell cycles. 
APC/C is also required for 
separase activation and 
chromosome segregation in 
meiosis I, at least in yeasts and 
worms; however, APC/C appears 
to destroy Cdk activity only 
partially at the end of meiosis I, 
possibly because DNA replication 
would otherwise ensue between 
meiosis I and II [7,8]. How are 
mitotic cyclins protected from 
complete destruction by APC/C in 
this situation? Izawa et al. [3] 
provide compelling evidence that 
Mes1 functions as an inhibitor of 
APC/C which fine tunes the 
amount of ubiquitination activity 
to a level that is apparently 
sufficient for separase activation 
yet does not lead to complete 
Cdk1 inactivation (Figure 2). 
How does Mes1 perform this 
function? It has previously been 
proposed that Cdc20 activates 
APC/C by functioning as an 
adaptor that recruits substrates 
to the ubiquitin ligase (reviewed 
in [9]), although there is also 
evidence supporting the view 
that substrates might directly 
bind to APC/C in the absence of 
Cdc20 [10]. Izawa et al. [3] 
showed that fission yeast cyclin 
Cdc13 and Mes1 can interact 
with the same domain in Cdc20, 
and that Mes1 can compete for 
the binding of cyclin to Cdc20. 
These observations lend further 
Figure 1. Chromosome 
segregation in meiosis. 
How four haploid germ cells 
(spores in the case of 
fission yeast) are formed 
from one diploid cell that 
contains a maternal and a 
paternal homologue of each 
chromosome (blue bars). 
G1 S G2 PI-MI AI MII AII Spores DNA is first replicated in 
pre-meiotic S phase (S), 
Current Biology homologues chromosomes 
pair and recombine in 
prophase of meiosis I (PI), 
align on the metaphase plate (MI), and are segregated from each other in anaphase I 
(AI). In the subsequent second meiotic division, chromosomes are aligned on the 
metaphase plate (MII), and are split into their sister chromatids in anaphase II (AII), as 
is the case in mitotic cells. 
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Figure 2. Mes1 is required to prevent 
complete degradation of the cyclin 
Cdc13 during exit from meiosis I in 
fission yeast. 
Cdc13 levels in fission yeast cells either 
containing Mes1 (wild-type) or not 
(∆mes1). For details see [3]. MI, 
metaphase I; AI, anaphase I; MII, 
metaphase II; AII, anaphase II. 
support to the view that Cdc20 
functions as a substrate adaptor, 
and imply that Mes1 acts as a 
competitive inhibitor of Cdc20 
(Figure 3). 
Interestingly, cyclin and Mes1 
share sequence elements, so 
called destruction boxes and KEN 
boxes, which are required for the 
recognition of substrates by 
APC/CCdc20 [11,12]. It is tempting 
to speculate that these elements 
mediate binding of Mes1 to 
Cdc20, but that remains to be 
tested. Likewise, it will be 
important to understand how 
Mes1 is inactivated to allow 
activation of APC/C in meiosis II, 
where cyclins are completely 
destroyed. Izawa et al. [3] 
observed that Mes1 itself 
disappears as cells enter meiosis 
II. It is therefore possible that 
Mes1 itself is an APC/C substrate 
which is consumed while 
performing its inhibitory function. 
Is Mes1’s only function to 
inhibit APC/CCdc20, or is its 
presence also required for other 
processes? The answer to this 
question is not known, but 
several observations imply that 
Mes1 may predominantly be 
expressed at the end of meiosis I 
to dampen APC/C activity. For 
example, the inability of ∆mes1 
cells to enter meiosis I is 
overcome when cells are induced 
to express more cyclins, which 
implies that the role of Mes1 in 
promoting meiosis II may 
predominantly be to protect 
cyclins from complete 
destruction. Also, the observation 
that Mes1 is a very short protein, 
little more than 100 residues in 
length, is consistent with this 
possibility. Short unstructured 
peptides that contain the cyclin 
destruction box are known to be 
effective inhibitors of APC/C 
activity in vitro [13,14]. Mes1 may 
be a very similar molecule that 
has naturally evolved to compete 
with APC/C substrates during exit 
from meiosis I in fission yeast. 
Do similar APC/C inhibitors 
exist in other organisms? 
Bioinformatics is not able to 
answer this question easily, 
because the Mes1 sequence is so 
short, and because the 
consensus for destruction boxes 
and KEN boxes is only loosely 
conserved. Members of the 
Emi1/Rca1 family of proteins, 
however, have been shown to 
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antagonize APC/C activity in 
vertebrates and flies [15,16], and 
in the latter case two different 
members of this family, called 
Emi1 and XErp1/Emi2, have been 
proposed to have important 
APC/C regulatory functions in 
meiosis II [17–19]. It is not yet well 
understood how and exactly at 
which time of meiosis II these 
proteins control APC/C activity, 
but it will certainly be interesting 
to compare and contrast Mes1 
with these APC/C inhibitors in 
vertebrates. 
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Figure 3. Mes1 may be a competitive inhibitor of APC/CCdc20. 
How Mes1 may prevent complete degradation of the cyclin Cdc13. The model pro­
poses that Cdc20 functions as a receptor for the destruction box of cyclin, and that 
Mes1 competes for binding of cyclin to Cdc20. The model further implies that Mes1 
itself becomes ubiquitinated once it is bound to Cdc20, but this possibility has not been 
experimentally tested yet. (For more details see [3,14].) 
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Language Emergence: Clues from 
a New Bedouin Sign Language 
A sign language has emerged among three generations of deaf people 
and their families in a Bedouin community in the Negev desert. This 
newly reported case sheds light on the minimal environmental social 
factors required to generate a language. 
Ann Senghas 
Language is found in every 
human community. Some groups 
lack mathematics, writing 
systems, even the wheel, but 
every community has a symbolic 
system for encoding and 
transmitting information from 
person to person. What cognitive, 
social, and environmental 
conditions give rise to these 
complex systems? In most cases, 
we cannot isolate the factors that 
produce language. Nearly all 
communities offer members far 
more than is necessary in what 
are likely to be the relevant 
domains, including a large social 
network, a language that has 
been honed over generations, 
and immersion from an early age. 
We cannot tinker with the size 
of social communities, or deprive 
children of exposure to their 
community’s language. We can, 
however, seek out real-world 
situations in which access to 
these resources is limited to 
varying degrees. Deaf people find 
themselves in such a variety of 
circumstances. Out of their 
situations arise a range of 
communication systems, from 
minimally structured gesture 
systems to sign languages as 
complete and complex as any 
spoken language. 
The most recently reported 
case, documented by Wendy 
Sandler and her colleagues [1], 
concerns a sign language that has 
emerged within a small Bedouin 
community in present-day Israel 
(Figure 1). In its details, this case 
complements previous accounts 
in which people had to find a new 
way to communicate. By 
considering these accounts 
together, we can hone in on the 
conditions that engender 
language. 
At one end of the spectrum is 
the single deaf child in a family 
that communicates using spoken 
language. Children in this situation 
invent simple gestural systems [2], 
called ‘homesigns’, to 
communicate with other family 
members. Homesign systems 
from places as different as Taiwan 
and North America exhibit similar 
patterns of gesture order [3]. 
These patterns evidently originate 
in the children themselves; they 
are not found in the gesturing of 
their hearing family members. 
Work with adolescent and adult 
homesigners shows that 
homesigning can develop more 
complexity with time and use [4]. 
Though homesign systems never 
develop into full languages, Susan 
Goldin-Meadow [5] argues that 
they reveal language’s most 
resilient properties. 
At the other end of the 
spectrum are large, multi­
generational communities of deaf 
people, in which fully developed 
sign languages are passed from 
each generation to the next [6]. 
Children exposed from birth to 
such a community present a 
situation similar to typical hearing 
children exposed to spoken 
language: their environment is 
more than rich enough in all of the 
relevant domains. 
Historical work can inform us 
about the nature and size of early 
Figure 1. Examples of signs from Al-Sayyid Bedouin Sign Language. (Photos: Shai Davidi, Sign Language Research Laboratory, 
University of Haifa.) 
